Objective: To investigate the occurrence of ictal and postictal aphasia in different focal epilepsy syndromes. Methods: We retrospectively analyzed the video-electroencephalographic monitoring data of 1,118 patients with focal epilepsy for seizure-associated aphasia (SAA). Statistical analysis included chi-square analysis and Fisher's exact test. Results: We identified 102 of 1,118 patients (9.1%) in whom ictal or postictal aphasia (SAA) was part of their recorded seizures (n = 59 of 102; 57.8%) or who reported aphasia by history (n = 43; 42.2% only reported aphasia by history). Postictal aphasia was present in 18 patients (30.5%). Six of the 59 patients had both ictal and postictal aphasia (10.2%). SAA occurred either with left hemisphere seizure onset or with seizures spreading from the right to the left hemisphere. SAA was most common in patients with parieto-occipital epilepsy (10.9%; five of 46 patients), followed by patients with temporal (6.7%; 28 of 420 patients), focal (not further localized; 4.8%; 22 of 462 patients), and frontal epilepsy (2.1%; four of 190 patients; p = 0.04). SAA was more common in parieto-occipital epilepsy than in frontal epilepsy (p = 0.02). In contrast, there was no significant difference in SAA between temporal and parieto-occipital epilepsy (p = 0.36). Significance: SAA has a high lateralizing but limited localizing value, as it often reflects spread of epileptic activity into speech-harboring brain regions.
Seizure-associated aphasia (SAA) is a well-established lateralizing phenomenon associated with focal epileptic seizures 1,2 pointing to seizure onset in the dominant hemisphere. Its high lateralizing value (90%) has been demonstrated. Preserved responsiveness during or after seizures is a prerequisite to identify aphasia. Postictal aphasia is more frequently identified than ictal aphasia. 3 The testing procedure is heavily biased toward anomia. Aphasic seizures and postictal aphasia may easily be overlooked if the ictal testing is insufficient or no testing at all has been performed. 4 Anatomically, speech areas are located in the dominant frontal and temporal lobe. 5 Not surprisingly, SAA has been reported in frontal and temporal epilepsies (Table 1) . 1, 2, However, these studies included mostly patients with temporal and frontal epilepsies. To the best of our knowledge, no study with an adequate number of patients with seizures arising from all lobes is currently available. In this study, we therefore aimed to evaluate the occurrence of SAA in a large group of patients with seizures arising from frontal, temporal, and parieto-occipital regions to assess its lateralizing and localizing significance.
Methods
We reviewed the database of the University of Munich epilepsy monitoring unit to identify patients with SAA and included only those with focal epilepsies (n = 1,118); that is, patients with generalized and multifocal epilepsy were excluded. All patients included in this study underwent video-electroencephalographic (EEG) monitoring for syndrome diagnosis of epilepsy or epilepsy surgery evaluation. The noninvasive continuous video-EEG monitoring (32-40 channels) lasted for 3-14 days. All patients had magnetic resonance imaging (MRI) except for a few with contraindications due to metal implants. Imaging also included ictal ethyl cysteinate dimer single-photon emission computed tomography (SPECT) and interictal 18 F-fluoro-deoxyglucose positron emission tomography (FDG-PET) in selected, mainly extratemporal MRI-negative patients. The localization of the epileptogenic zone was based on consensus in the patient management meeting attended by epileptologists, neuroradiologists, neurosurgeons, nuclear medicine specialists, and neuropsychologists. The patients' epilepsy was classified as frontal, temporal, parieto-occipital, or focal (not further localized) if not enough information was available to further localize the epileptogenic zone. Patients with bilateral, multifocal and generalized epilepsies were excluded. Patients with incomplete result (no seizure recordings or incomplete imaging [MRI/computed tomography]) were excluded from this study. In 14 of the 59 patients with SAA (23.7%), invasive video-EEG monitoring with stereotactically implanted depth or subdural electrodes has been performed. These 14 patients underwent subsequently resective epilepsy surgery.
Written informed consent was obtained from all participants (or guardians of participants) in the study.
All seizures were recorded and observed by a devoted epilepsy technician team present continuously in the unit. The testing procedure followed a standardized protocol. The patients were asked to describe the aura if an aura was present. The following questions and commands would be given and repeated systematically until the patients responded adequately:
1 "Remember the word . . . " 2 "Tell me your first name" 3 "Raise both arms" 4 The patients were asked to name objects shown to her/ him (in case of inability to name the object: "show me what you do with the object") 5 Repeat 2-4 until adequate response is available.
All results of clinical evaluation, imaging, and video-EEG monitoring including seizure semiology according to the semiological seizure classification system 34 have been classified systematically into a database system.
Statistical analysis included chi-square analysis or Fisher's exact test to evaluate the significance of the relationship of aphasia and epilepsy syndromes. Significance was assumed at p < 0.05.
Results
We identified 102 of 1,118 patients (9.1%) in whom ictal aphasia or postictal aphasia (SAA) was part of their recorded seizures or who reported aphasia by history. Aphasia was recorded during video-EEG monitoring in 59 of 1,118 patients (5.3%). Of these 59 patients, 41 (69.5%) had ictal (one patient with aphasic status epilepticus) and 18 (30.5%) had postictal aphasia. Six of these 59 patients had both ictal and postictal aphasia (10.2%). Forty-three of the 1,118 patients (3.6%) reported aphasia by history only.
SAA in different focal epilepsies
SAA was most common in patients with parieto-occipital epilepsy (10.9%; five of 46 patients), followed by patients with temporal (6.7%; 28 of 420 patients) and those with focal (not further localized; 4.8%; 22 of 462 patients) epilepsies. Patients with frontal epilepsy (2.1%; four of 190 patients) had the lowest frequency of SAA (p = 0.04, Fig. 1 ). Compared to frontal epilepsy, SAA was more common in parieto-occipital epilepsy (p = 0.02). In contrast, there was no significant difference in the occurrence of SAA between temporal and parieto-occipital epilepsy (p = 0.36). SAA was significantly more common in temporal than in frontal epilepsy (p = 0.02).
Lateralizing significance
With regard to ictal EEG, SAA occurred only in seizures arising from the left hemisphere in patients with left hemisphere epilepsy (43 of 406 patients; 10.6%) and from the left hemisphere in bilateral epilepsy (14 of 317 patients, 4.4%). In the two patients with right hemisphere epilepsy (two of 394 patients with right hemisphere epilepsy; 0.5%), SAA occurred only in seizures that spread to the left hemisphere.
Ictal aphasia
Parieto-occipital epilepsy had the highest incidence of ictal aphasia (8.7%; four of 46 patients), followed by patients with temporal (5.7%; 24 of 420 patients), focal (not further localized; 2.2%; 16 of 462 patients), and frontal epilepsy (1.6%; three of 190 patients; p = 0.04). Compared to frontal epilepsy, ictal aphasia was more common in parietooccipital epilepsy (p = 0.03). Ictal aphasia was significantly more common in temporal than in frontal epilepsy (p = 0.02).
Postictal aphasia
Postictal aphasia was recorded most frequently in patients with parieto-occipital epilepsy (2.2%, one of 46 patients), followed by focal (1.9%, nine of 462 patients), temporal (1.7%, seven of 420 patients), and frontal epilepsy patients (0.5%, one of 190 patients). The distribution was not significant (p = 0.61). There was also no significant difference between parieto-occipital and frontal (p = 0.35), parieto-occipital and temporal (p = 0.57), or frontal and temporal epilepsy (p = 0.45).
Aphasia by history only
Aphasia by history only (n = 43) was mostly seen in patients with an epilepsy arising from the left hemisphere (31 patients; 72.1%), whereas in 27.9% (12 patients) epilepsy arose from the right hemisphere. There was no significant difference among focal epilepsies (temporal: n = 20, 4.8%; parieto-occipital: n = 2, 4.4%; frontal: n = 8, 4.2%; focal, not further localized: n = 13, 2.8%). 
Discussion
This study shows, in a large group of patients with different focal epilepsies, that SAA has a strong lateralizing significance indicating an epileptogenic zone in the dominant hemisphere. Despite the anatomical representation of speech in frontal (Broca's area) and temporal (Wernicke's area) regions, we found significantly more frequent SAA in parieto-occipital than in other localizations of the epileptogenic zone. Ictal aphasia was significantly more common in parieto-occipital epilepsies, whereas postictal aphasia occurred equally often among different focal epilepsies in our study.
Postictal aphasia was reported by Salanova et al. in three of 41 patients with occipital epilepsy (7.3%), 35 which is similar to our frequency of SAA (10.9%). In their study, ictal aphasia was not mentioned. 35 One-third of these occipital epilepsy patients exhibited clinical and electrographic findings reflecting ictal spread into temporal or frontal regions. 35 Rapid propagation of seizure activity from parieto-occipital into frontal and temporal regions has also been demonstrated by ictal SPECT. 36 Functional imaging provides further evidence for a remote effect of epileptic activity in showing hypometabolic changes in regions functionally connected or adjacent to the epileptogenic zone. 37 Recently, we demonstrated in patients with extratemporal epilepsies that temporal hypometabolism in FDG-PET is associated with temporal interictal epileptiform discharges and a seizure semiology suggestive of seizure propagation into the temporal lobe, that is, oral and manual automatisms, epigastric auras, and/or psychic auras (87.5%; p = 0.01). 38 These findings also indicate a remote effect of extratemporal epilepsies. In patients with parieto-occipital epilepsy, the majority of interictal epileptiform discharges were outside the lesional lobes (48.5%) and mostly temporal. 39 The same holds true for the ictal EEG findings. 39 Ictal aphasia can only be identified in patients with preserved responsiveness during a seizure, at least at seizure onset. Conversely, ictal aphasia may be missed in patients whose focal seizures lead rapidly to altered consciousness or evolve into generalized convulsive seizures. Patients are more likely to forget their aura if seizures generalize. 40 The higher incidence of ictal aphasia in parieto-occipital epilepsy could reflect a higher incidence of ictal preserved awareness in the seizures of these patients.
The testing procedure for speech impairment is heavily biased toward anomia, which traditionally is attributed to frontal lobe function. Despite this, the temporal lobe was more commonly associated with SAA.
The proportion of patients with focal, not further localized epilepsy in our study is large, and it cannot be excluded that a considerable number of these patients might have frontal epilepsy. However, even if all of them had frontal epilepsy (which is very unlikely), the percentage of parietooccipital patients (10.9%) with SAA would still be higher than of frontal epilepsy patients (5.6%).
A limitation of this study is its retrospective character. However, the data collection and classification of the video-EEG monitoring results was standardized following a system published earlier. 4 The systematic classification of the EEG, seizure semiology, and imaging results during clinical routine into a database in the epilepsy monitoring unit reduced the bias that may be introduced by its retrospective character. The usual gold standard for localization in focal epilepsy is seizure freedom following resective epilepsy surgery. This is not applicable to this study on seizure semiology, because not all patients included in this study were candidates for epilepsy surgery.
In conclusion, SAA has a high lateralizing but poor localizing value in focal epilepsy patients, because it often reflects remote functional disturbance most likely due to spread of epileptic activity into frontal and temporal areas. Frequency of recorded seizure-associated aphasia in different focal epilepsy syndromes (n = 1,118). Epilepsia ILAE
